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Purpose: This study was undertaken to define the surgical anatomy of the medial 
perforating veins (PVs) of the leg and to provide information on how to gain access to all 
medial PVs from the superficial posterior compartment during a subfascial endoscopic 
procedure. 
Methods: The venous anatomy of 40 limbs (from 23 cadavers) were studied. Medial PVs 
located between the ankle and the tibial tuberosity were dissected. None of the subjects had 
pathologic evidence of venous disease. Each PV's type (direct or indirect), size (<1 ram, 1 
to 2 man, >2 mm), location (distances from ankle [D1], and tibia [D2]), and accessibility 
from the superficial posterior compartment were recorded. 
Results: Five hundred fifty-two PVs were identified (mean, 13.8; range, 7 to 22). Two 
hundred eighty-seven I'Vs (52%) directly connected the superficial with the deep systems, 
228 (41%) were indirect muscle perforators, and 37 PVs (7%) were undetermined. One 
hundred thirty-seven PVs (25%) were >2 mm. Sixty-three percent of PVs were accessible 
from the superficial posterior compartment. In the distal half of the leg, two groups of 
direct PVs could be identified (Cockett II: D1, 7 to 9 cm; Cockett I I I :  D1, 10 to 12 cm). 
In the proximal half of the leg, paratibial direct PVs (D2 < 1 cm) were found clustered in 
three groups (D1, 18 to 22 cm; D1, 23 to 27 cm; D1, 28 to 32 cm). 
Conclusions: Our study confirmed the presence of the Cockett I I  and I I I  PVs and three 
groups of proximal paratibial PVs, including the "24-cm" perforators. Two thirds of the 
medial direct PVs are accessible for endoscopic division from the superficial posterior 
compartment. To divide paratibial PVs, however, incision of the paratibial deep fascia is 
frequently required. (J Vasc Surg 1996;24:800-8.) 
Subfascial endoscopic perforator surgery (SEPS) 
has become popular in recent years. This minimally 
invasive technique achieves the same hemodynamic 
results as those obtained with the classic Linton 
operation, but wound complications are reported to 
be significantly ess and the duration of hospitalization 
is much shorter. 1-4 Because conservative stimates 
indicate that more than 2.5 million Americans have 
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chronic venous insufficiency and that at least 500,000 
have venous ulcers at some point of their life, 5 it can be 
expected that the number of patients who undergo 
SEPS will markedly increase in the future. 
Our study.was designed to review the anatomy 
of the medial leg perforators and to define their 
location in the superficial and deep posterior com- 
partments. Our aim was also to study how access to 
all medial perforating veins (PVs) can be assured with 
an endoscope placed in the superficial posterior com- 
partment. 
MATERIAL  AND METHODS 
After preliminary studies were performed on 10 
limbs, the venous anatomy of  40 limbs taken from 23 
cadavers (four female, 19 male; mean age, 47.2 years) 
was studied in detail. Preparations of corrosion casts 
were performed in six additional limbs. None of the 
subjects had pathologic evidence of venous disease. 
To define the anatomy of the PVs and their relation- 
ship to the superficial and deep posterior compart- 
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ments, the dissection was started by removing the skin 
from the medial side of the leg. The superficial veins 
and perforators were identified and described. The 
fascia of the superficial posterior compartment was 
then incised from the ankle to the tibial tuberosity, 
along a line halfway between the medial edge of the 
tibia and the posterior midline. The subfascial space 
was bluntly dissected medially and laterally away from 
the underlying muscles. All medial PVs located be- 
tween the ankle and the tibial tuberosity were dis- 
sected. PVs that were accessible from the subfascial 
space then were ligated and divided. The fascia be- 
tween the superficial and deep posterior compart- 
ments was incised, and the posterior tibial and 
popliteal veins were exposed. Direct perforators that 
connected the greater saphenous vein or other super- 
ficial veins, such as the posterior arch vein, with the 
posterior tibial or popliteal veins were recorded. Indi- 
rect perforators that connected the superficial veins 
with calf muscle veins were also dissected. Their type 
(direct or indirect), size (<1 ram, 1 to 2 mm, >2 mm), 
location (distance from the lower edge of the medial 
malleolus [D1] and from the medial edge of the tibia 
[D2]), and accessibility from the superficial posterior 
compartment were recorded on data sheets. D1 mea- 
surements were corrected for differences in leg length 
using the following formula: corrected D I= 
measured D1 x (mean leg length+measured leg 
length). Sketches and photographs were made of all 
specimens. 
The average frequency of medial direct perfora- 
tors per cm 2 was calculated. Clusters of PVs were 
arbitrarily defined as those that had a frequency of 6 
times higher than the average number of PVs per cm 2. 
To prepare the corrosion cast models, blue latex 
solution (Ward's Natural Science, no. 37W2576, 
Rochester, N.Y.) was injected into the greater saphe- 
nous and posterior tibial veins at the ankle in six legs. 
Five of these legs were dissected as described above. 
One leg was frozen and cut in 16 horizontal cross- 
sections, each 18-mm thick. 
RESULTS 
Five hundred fifty-two PVs were identified (mean, 
13.8; range, 7 to 22). One hundred thirty-seven PVs 
(25%) were greater than 2 mm in size. Two hundred 
eighty-seven PVs (52%) connected the superficial 
system directly to the posterior tibial veins or to the 
popliteal vein, 228 PVs (41%) were indirect muscle 
perforators, and 37 PVs (7%) remained undeter- 
mined. 
Five clusters of direct PVs were identified (Table I; 
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Fig. 1. Relationship of superficial, perforating, and deep 
venous systems to the fascia of the superficial posterior 
compartment. Note that Cockett III and lowest proximal 
paratibial perforator ("24-cm perforator") are readily ac- 
cessible from the subfascial space. 
Fig. 1). The lowest group of direct PVs was located 7
to 9 cm proximal to the medial malleolus in an area 
between 2 cm and 4 cm from the medial edge of the 
tibia (Fig. 2). This group corresponds to the location 
of the Cockett II perforator. 6 These PVs connected 
posterior tributaries (such as the posterior arch vein) 
of the greater saphenous vein with the posterior tibial 
veins. Seventy-five percent of the legs (30 of 40) had 
at least one PV in this area. Sixty-eight percent of the 
Cockett II veins (26 of 38) were not accessible from 
the superficial posterior compartment (Table I). They 
were found either in the deep posterior compartment 
or within a duplication of the fascia between the 
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Fig. 2. Number and location of 287 medial direct PVs in 40 legs. Distance of perforators from 
medial malleolus was corrected for differences in leg length. 
Table I. Occurrence and accessibility of direct medial perforating veins in 40 legs 
Proximal paratibial PVs 
Cockett II Cockett I l l
(7to9cm) (10tol2cm) (18to22cm) (23to27cm) (28to32cm) 
Occurrence 75% 75% 53% 93% 68% 
PVs not accessible from the superficial posterior 68% 16% 57% 83% 85% 
compartment 
Distances measured from the lower edge of the medial malleolus. 
superficial and deep posterior compartments (Fig. 3, 
Fig. 4, A). 
Another group of direct PVs (Cockett III 6) was 
found 10 to 12 cm from the medial malleolus in an 
area between 2 cm and 4 cm from the medial edge of 
the tibia (Fig. 2). Similarly, these perforators con- 
nected posterior tributaries of the saphenous vein 
with the posterior tibial veins. At least one C0ckett III 
PVwas found in 75% of legs (30 of 40). Only 16% of 
PVs (six of 38) were not accessible from the superficial 
posterior compartment (Table I, Fig. 3, Fig. 4, B). 
In the proximal half of the leg, three groups of 
direct paratibial PVs were found (D2 < 1 cm; Figs. 1 
and 2). PVs 18 m 22 cm from the medial malleolus 
were found in 53% of legs (21 of 40; Table I). This 
group is identical to those that Sherman 7 called the 
"24-cm perforator," because of their distance from 
the sole. Forty-three percent of these PVs (10 of 23) 
were accessible from the superficial posterior com- 
partment (Figs. 3 and 4, C). Paratibial PVs 23 to 27 
cm from the medial malleolus were found in 93% of 
legs (37 of 40; Table I). More than i PV (mean, 1.6) 
was found in this location in most legs. Eighty-three 
percent of these PVs (49 of 59) were not accessible 
from the superficial posterior compartment. The third 
group ofparatibial PVs was found 28 to 32 cm from 
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Fig. 3. Superficial and perforating veins in the medial side of the leg (cross-sections at levels A 
through D are shown in Fig. 4). 
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Fig. 4. Compartments and medial veins of leg. Cross sections at level ofCockett II (A), Cockett 
I I I  (B), "24-cm" (C), and more proximal paratibial (D) PVs. GSV, Greater saphenous vein; PAV, 
posterior arch vein; PTVs, posterior tibial veins; SPC, superficial posterior compartment; CII, 
Cockett II, CIII, Cockett III; PTP, paratibial perforator. 
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Fig. 5. Cross-section f upper third ofleg. Note paratibial 
PV passing between periosteum of tibia and fascia of 
superficial posterior compartment. Veins were filled with 
blue latex. PTP, Parafibial perforator; PTVs, posterior tibial 
veins. 
the medial malleolus. PVs occurred in 68% of the legs 
in this group (27 of 40). Eighty-five percent of these 
PVs (29 of 34) were not accessible from the superficial 
posterior compartment (Table I). Inaccessible parati- 
bial PVs were hidden by the insertion of the soleus on 
the tibia or were located between the periosteum of 
the tibia and the fascia of the superficial posterior 
compartment (Figs. 3; 4, D; and 5). Thirty percent 
(seven of 23), 56% (33 of 59), and 50% (17 of 34) of 
the three groups ofparatibial PVs, respectively, made 
direct connections between the greater saphenous 
and the posterior tibial or popliteal veins. 
In 87.5% of legs (35 of 40), PVs could be found in 
at least hree of the five listed groups. The 228 indirect 
muscle PVs were randomly distributed, and all of 
them were accessible from the superficial posterior 
compartment (Fig. 6). 
DISCUSSION 
In the leg, the superficial and the deep venous 
system are separated from each other by the deep 
fascia. The PVs, most of which contain unidirectional 
valves, drain blood from the superficial veins to the 
deep system. In the calf, major superficial veins are th
greater and lesser saphenous veins and the posterior 
arch vein. The greater saphenous vein ascends ante- 
rior to the medial malleolus and crosses the tibia at the 
border of the distal and middle third of the calf. It then 
ascends medial to the knee. 8The posterior arch vein, 
or Leonardo's vein (presumably first depicted on 
Leonardo da Vinci's drawings9), drains a fine network 
below the medial ankle, ascends on the lower medial 
half of the leg, and joins the greater saphenous vein 
distal to the knee (Figs. 3 and 7, A). The lesser 
saphenous vein ascends on the posterolateral side of 
the leg and joins the popliteal vein, most frequently in
the proximal popliteal fossa. 
Paired deep veins in the calf include the anterior 
and posterior tibial veins and the peroneal veins. They 
accompany the main leg arteries. The posterior tibial 
veins run between the edges of the flexor digitorum 
longus and tibialis posterior muscles, penetrate the 
soleus close toits bony adherence, and continue in the 
popliteal vein after the union with the peroneal and 
the anterior tibial veins. 1°
PVs and their importance in patients who have 
chronic venous insufficiency were first described in 
Gay's Lettsomian Lectures in 1867.1~ Gay's illustra- 
tions clearly depicted that the PVs in the lower leg 
connected the posterior tributaries of the greater 
saphenous vein to those of the deep veins. LeDentu 12 
distinguished direct PVs, those that connect he 
superficial veins to the deep axial veins, from indirect 
muscle PVs. Although the discussion regarding the 
pathophysiologic consequences of perforator incom- 
petence isbeyond the scope of this article, it should be 
mentioned that the pivotal role that PVs have in 
contributing tochronic venous insufficiency has been 
emphasized by most authorities. 13-18 However, their 
role has also been debated by others who questioned 
the need of perforator interruption i patients who 
have significant postthrombotic disease of the deep 
veins. 19-2~ 
The anatomy ofthe most important leg PVs has 
been described in multiple studies (Table II). Lin- 
ton 26 found that six to eight communicating veins 
connected the superficial veins with the posterior 
tibial veins and that half of them were located in the 
distal third of the leg. He defined the site of one 
cluster of communicating veins 6 cm from the sole, 
posterior to the medial malleolus. Linton used the 
term "communicating veins" to describe the main 
venous trunks that connected the superficial system 
with the deep venous ystem; and any vein, small or 
large, that penetrated the deep fascia, he called a 
"perforating" vein. A consensus conference on per- 
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Fig. 6. Number and location of 228 indirect muscle PVs on medial side of 40 legs. Distance of 
perforators from medial malleolus was corrected for differences in leg length. 
forating veins that was organized in 1979 suggested 
that the term "communicating vein" bc reserved to 
describe venous tributaries that connect veins within 
the same system, i.e., veins of the superficial system or 
those of the deep. The term "perforating vein," 
however, is used to describe all veins that connect the 
superficial to the deep venous ystem. 27 
Sherman 7 examined the literature's largest series 
of legs during anatomic dissection and found consis- 
tently occurring roups of medial direct PVs at 13.5 
cm and 18.5 cm from the sole, 2 cm and 1 cm 
posterior to the medial border of the tibia, respec- 
tively. He observed that paratibial PVs consistently 
occurred at 24 cm, 30 cm, 35 cm, and 40 cm from the 
sole. Another frequently occurring roup of PVs was 
also identified behind the medial malleolus, at 5 to 10 
cm. Sherman also called attention to the fact that 
lower PVs, like those at 13.5 cm and at 18.5 cm, 
connect the secondary tributaries of the greater 
saphenous vein with the deep veins. 
Cockett 14 described three direct PVs (ankle per- 
forators) that connect the posterior arch vein with the 
posterior tibial veins. The lowest perforator was found 
just behind the medial malleolus, and the middle PV 
was four finger-breadths above that. The upper, most 
consistently present PVs were nearly halfway up the 
leg, just posterior to the bony margin of the tibia. 
Later, May 27 named these the Cockett I, II, and III 
PVs, starting the numbering from distal to proximal. 
Cockett mentioned a fourth direct PV located at the 
level of the tibial tuberosity that connects the greater 
saphenous vein to the popliteal vein (Boyd's perfora- 
tor). 2s O'Donnell et al.e9 studied the accuracy of 
ultrasonographic and venographic localization of in- 
competent PVs and compared the results of these 
diagnostic tests with intraoperative findings. They 
confirmed that the most common occurrence of 
incompetent PVs was between 1.0 cm and 15 cm from 
the medial ankle. In a recent study based on intraop- 
erative confirmation of the location of PVs, Fischer 3° 
found a random distribution fbr incompetent PVs. 
He also emphasized that medial PVs occur in a 
3-cm-wide "lane" rather than along a line (Linton's 
line). 
Our anatomic studies were performed in normal 
limbs and identified five groups of direct PVs on the 
medial side of the leg between the malleolus and the 
tibial tuberosity. Similar to the methods of O'Donnell 
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Fig. 7. Corrosion cast of medial superficial and perforating veins of right leg. A, Skin and 
portion of subcutaneous fat were removed. B, Fascia has been incised and rolled anteriorly to 
expose superficial posterior compartment. Note that only lower paratibial perforator and Cockett 
I I I  perforators are now accessible. Arrowheads how veins draining lower part of soleus into 
posterior tibial vein. MP, Muscle perforator, FTP, paratibial perforator; CII, Cockett II; CIII,  
Cockett III. 
Tab le  I I .  Studies on the location o f  direct medial perforat ing veins in the leg 
Number of legs Location of medial PVs 
1st author Anatomic Surgical 
(yr) dissections findings Cockett H Cockett I I I  Proximal paratibial PVs 
Linton (1938) 10 50 
Sherman (1948) 92 901 
Cockett (1953) 21 201 
O'Donnell (1977) - -  39 
Fischer (1992) - -  194 
Mozes (1996) 40 - -  
Distal third of the leg Middle third of the leg Proximal third of the leg 
13.5 cm 18.5 cm 24 cm, 30 cm, 35 cm, 
40 cm 
13 to 14 cm 16 to 17 cm At theknee 
Half of the incompetent PVs are Few incompetent PVs 
between 10 to 15 cm* (15 to 20 cm) 
Random distribution of incompetent PVs 
7 to 9 cm* 10 to 12 cm* 18 to 22 cm*, 23 to 27 
(12 to 14 cm) (15 to 17 cm) cm*, 28 to 32 cm* 
(23 to 27 cm), (28 to 32 
cm), (33 to 37 cm) 
Distances measured f om the sole. 
*Distances measured f om the lower edge of the media malleolus. 
et  al., 29 we determined the posit ion of  PVs by mea- 
suring their distance from a bony landmark, the lower 
edge of  the medial malleolus, rather than from the 
sole (Table I I ) .  
In the distal half  o f  the leg, two groups o f  PVs were 
identif ied 2 to 4 cm from the medial edge o f  the tibia, 
7 to 9 cm and 10 to 12 cm from the medial malleolus. 
These PVs (corresponding to the Cockett  I I  and I I I  
perforators) connected tributaries of  the greater 
saphenous vein (posterior arch vein or other posterior 
tributaries) with the poster ior tibial vein. The retro- 
malleolar group of  PVs (Cockett  I) were not  identi- 
fied in our study as a separate cluster o f  veins. I t  is 
important  o emphasize, however, that perforators 
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distal to the malleolus in our study were not dissected. 
We found three paratibial (D2 _< 1 cm) groups of  
PVs at 18 to 22 cm, 23 to 27 cm, and 28 to 32 cm from 
the medial malleolus. One third o f  PVs in the lowest 
paratibial group and about half o f  the PVs in the other 
two groups made direct connections between the 
greater saphcnous vein and the deep veins. Similar to 
Sherman, 7 we also found that indirect muscle PVs 
were randomly distributed. 
During SEPS, the endoscope is inserted through 
the deep fascia (also called the lamina superficialis o f  
the deep fascia 26) into the superficial posterior com- 
partment (Figs. 3 and 4). 4,31 Sixty-three percent o f  
the perforators (including all indirect muscle PVs) 
were accessible from the superficial posterior com- 
partment. Our  study also confirmed that 68% of  the 
Cockett I I  and 16% of  the Cockctt I I I  perforators 
were not  accessible from this compartment. These 
PVs were located either in the deep posterior com- 
partment or within a duplication o f  the deep fascia 
between the superficial and deep posterior compart- 
ments (Figs. 3 and 4, A). Linton 26 and Dodd is also 
mentioned the need for posterior deep compartment 
fasciotomy to access all perforators located in this 
area. 
Seventy-five percent o f  the paratibial perforators 
were not  accessible from the superficial posterior 
compartment.  These veins were hidden from view by 
the insertion of  the soleus on the tibia, or they were 
located between the periosteum of  the tibia and the 
deep fascia o f  the superficial posterior compartment 
(Figs. 3; 4, D; 5; and 7, B). To access these paratibial 
perforators, Linton 26 suggested the detachment o f  
the soleus from the tibia. The importance o f  these 
parafibial PVs in chronic venous insufficiency, how- 
ever, is still unknown. 29,s2 I f  incompetence is con- 
firmed by preoperative duplex scanning, interruption 
o f  these perforators after incising the paratibial fascia 
appears advisable. Our  early clinical experience indi- 
cates that division ofparafibial perforators can usually 
be accomplished without added risk to neurovascular 
structures. 
CONCLUSION 
Our study confirmed the presence and most 
frequent location o f  five groups of  medial direct PVs. 
These include the Cockett I I  and I I I  PVs and three 
groups o f  more proximal paratibial PVs, including the 
"24-cm"  perforator. Two thirds o f  the medial direct 
PVs are readily accessible for endoscopic division from 
the superficial posterior compartment.  Division of  
incompetent paratibial PVs, however, frequently re- 
quires detachment o f  the soleus inserting on the tibia 
and incision of  the paratibial deep fascia. To access the 
lower Cockett perforators, incision of  the fascia o f  the 
deep posterior compartment is also frequently 
needed. 
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